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TABLE 1.  Unit-cell parameters and compositions of 60Ni-pentlandite 
at various temperatures
T (°C) Formula wt% a (Å) %60Ni(O) %60Ni(T)
25* Fe4.8Ni4.2S8 34(1) 10.1075(1) 57(2) 46(2)
225 Fe4.8Ni4.2S8 34(1) 10.2045(1) 50(2) 47(2)
300 Fe4.8Ni4.2S8 34(1) 10.2349(1) 50(2) 46(2)
25† Fe4.6Ni4.4S8 35(1) 10.1296(1) 52(2) 48(2)
Notes: Estimated standard deviations are given in brackets. T stands for tetrahedra 
and O for octahedra.
* Composition and unit-cell parameters for the co-existing pyrrhotite are 
Fe6.6Ni0.9S8, a =3.4471(1) and c =5.7517(1) Å.
† After an additional 2 months annealing at 150 °C.
TABLE 2. Positional and displacement parameters of 60Ni-pentlandite
T (°C) x(M) in 32f Uiso(M) × 102 (Å2) x(S) in 24e Uiso(S) × 102 (Å2)
25 0.1274 0.53 0.2590 0.38
225 0.1280 1.10 0.2624 0.53
300 0.1276 1.61 0.2600 0.99
25* 0.1273 0.95 0.2601 0.81
Notes: M represents the metal. Since those parameters were fi xed during the fi nal 
cycles of refi nement (for M distribution) errors are not given here.
x(M) = y(M) = z(M) ~ 0.125 : 32f Wyckoff  position (Tetrahedral site) for Fm–3 m 
space group
x(M) = y(M) = z(M) = 0.5 : 4f (Octahedral site)
y(S1) = z(S1) = 0 : 24e
x(S2) = 0.25 and y(S2) = z(S2) = 0 : 8c



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 3.  Thermal variations of distances (Å) and angles (degrees) in 
60Ni-pentlandite
T (°C) 25 225 300 25*
[M(T)-M(T)]e 2.575 2.613 2.612 2.579
[M(O)-S] 2.436 2.425 2.456 2.430
[M(T)-S]1 2.255 2.301 2.291 2.266
[M(T)-S]2 2.147 2.156 2.170 2.152
<M(O)-S-M(T)> 126.2 126.6 126.3 126.4
<M(T)-S-M(T)>e1 69.6 69.2 69.5 69.4
<M(T)-S-M(T)>e2 107.7 106.9 107.5 107.2
<M(T)-S-M(T)>c 109.471 109.471 109.471 109.471
<S-M(T)-S>1 110.3 110.7 110.5 110.6
<S-M(T)-S>2 108.6 108.2 108.5 108.3
Notes: M represents the metal (Fe or Ni). T stands for tetrahedra and O for octahe-
dra. C and E indicate corner-shared or edge-shared tetrahedra, respectively (see 
Fig. 1). Since atomic parameters were fi xed during the fi nal cycles of refi nement 
(for M distribution) errors are not given here.
* After an additional 2 months annealing at 150 °C.
TABLE 4.  Thermal variations of composition and structural param-
eters of 60Ni-violarite
T (°C) Formula wt%violarite a (Å) %60Ni(O) %60Ni(T) wt%mss wt%pyrite
25* Fe0.95Ni2.05S4 76(1) 9.4424(1) 54(2) 97(1) 7(1) 17(1)
75 Fe1.04Ni1.96S4 74(1) 9.4452(1) 50(3) 97(1) 8(1) 18(1)
150 Fe0.84Ni2.16S4 84(1) 9.4612(1) 59(3) 98(1) 8(1) 8(1)
225 Fe1.00Ni2.00S4 77(1) 9.4709(1) 52(3) 97(1) 8(1) 15(1)
300 Fe0.83Ni2.17S4 79(1) 9.4847(2) 59(6) 99(3) 7(1) 14(1)
25 Fe1.14Ni1.86S4 76(1) 9.4498(1) 47(2) 93(1) 7(1) 17(1)
–73 Fe1.19Ni1.81S4 72(1) 9.4318(1) 44(2) 93(1) 9(1) 19(1)
–173 Fe1.19Ni1.81S4 72(1) 9.4211(1) 44(2) 92(1) 9(1) 19(1)
Note: Errors are noted in parentheses.
* mss [P63/mmc: a =3.4118(2) and c = 5.3715(4) Å] and pyrite [Pa
–3: a = 5.4237(3) 
Å] with shared Fe/60Ni occupancy on M site. 
TABLE 5.  Thermal variation of atom positions and displacement 
parameters in 60Ni-violarite
T (°C) Uiso(M) × 102 (Å2) x(S) in 32e Uiso(S) × 102 (Å2)
25 0.05(4) 0.2578(2) 0.43(9)
75 0.06(5) 0.2572(3) 0.35(14)
150 0.01(10) 0.2583(3) 0.25(15)
225 0.32(10) 0.2573(3) 0.33(15)
300 0.45(22) 0.2586(6) 1.01(34)
25 0.67(8) 0.2581(2) 0.43(12)
–73 0.11(5) 0.2573(2) 0.15(9)
–173 0.03(5) 0.2582(2) 0.16(6)
Note: Estimated standard deviations are given in parentheses.




x(M) = y(M) = z(M) = 0.5 : 4f (Octahedral site)

































































































































































































































































































































































































































































































































































































































































































































TABLE 6. Thermal variations of distances (Å) and angles (degrees) in 60Ni-violarite
T (°C) 25 75 150 225 300 25
[M(O)-S] 2.289(1) 2.295(2) 2.289(2) 2.301(2) 2.2935(3) 2.288(2)
[M(T)-S] 2.172(3) 2.163(4) 2.185(4) 2.170(4) 2.195(10) 2.179(3)
<M(O)-S-M(O)> 93.6(1) 93.4(1) 93.9(1) 93.4(1) 94.0(3) 93.8(1)
<M(O)-S-M(T)> 122.6(1) 122.8(1) 122.5(1) 122.8(1) 122.4(2) 122.5(1)
<S-M(O)-S>1 86.2(1) 86.5(1) 86.0(1) 86.5(1) 85.9(3) 86.1(1)
<S-M(O)-S>2 93.7(1) 93.5(1) 94.0(1) 93.5(1) 94.1(1) 93.9(1)
<S-M(T)-S> 109.471(1) 109.471(1) 109.471(1) 109.471(1) 109.471(2) 109.471(1)
Notes: Where M replaces the metal (Fe or Ni). T stands for tetrahedra and O for octahedra (see Fig. 1). Errors are given in parentheses.
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